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Numerous experiments, using isotopic and nonisotopic methods, have been conducted to test the effect of fertilizer carriers and time of application on the efficiency of fertilizer use. Generally, fall-applied N is less effective than spring-applied N (Frye 1978; Ridley 1911; Fied 1978; Nyborg and Leitch 1979) and losses of fall-applied NO3 -N are higher than fall-applied urea or NHo* (Paul and Rennie 1977) .
The large losses of fall-applied NO3 -N have sparked interest in the use of nitrification inhibitors to increase fertilizer use efficiency. Bundy and Bremner (1973) evaluated 24 nitrification inhibitors (NI) using laboratory incubations and con- cluded that N-serve [(2-chloro-6-trichloromethyl)pyridinel and ATC (4-amino-1,-2.4-triazole\ were the most effective under laboratory conditions. The effectiveness of NI under field conditions depends upon the texture of the soil, rainfall and irrigation patterns, rooting depth of crops (Prasad et aI. 197 l) and the sensitivity of crops to NHo* (Hendrickson et al. 1978) .
A large portion of fertilizer N is transformed to slowly available forms during the growing season and up to 60Vo of fertilizer N can remain in the soil after a crop has been removed (Fried 1978 (Jackson 1975) .
The soil particle size fractions were prepared for X-ray diffraction analysis (Jackson 1975 trsN remaining = total nonexchangeable NH+* (pg.g 1) x (atom percentr5N excess/100) x 1000 ng/pg.
$+This was equivalent to 2.8 kg N.ha I (57o of the applied fertilizer N). The release of nonexchangeable lsNH4+-N on incubation of the ATC-treated urea or aqua ammonia soil could be described by first order kinetics. The half-lives of nonexchangeable ammonium in these soils ranged from 35 to 42 wk (Fig. 1) 
